Prenatal diagnosis is the branch of medicine and in particular of obstetrics, that studies and applies the techniques that reveal the normality or the presence of diseases of various kinds, in the fetus. All the techniques of prenatal diagnosis are performed during pregnancy and may be invasive or less. Among the best known, amniocentesis is the most exploited technique nowadays to highlight the possible presence of chromosomal disorders in the fetus, but also infections and genetic diseases such as thalassemia, cystic fibrosis, hemophilia, spina bifida, albinism. Amniocentesis consists of taking an amniotic fluid sample which is then analyzed. Fetal cells suspended in the withdrawn liquid allow us to reconstruct the chromosome map of the fetus and then to confirm or not its normality. Genetic testing, however, are not able to recognize the physical or mental characteristics of the unborn child which are the result of the interaction between multiple genes and the environment. Amniotic fluid makes possible to perform other types of analysis, more or less complex, and it is also possible to store the amniotic stem cells. Similar to amniocentesis as a principle but different as a technique, is chorionic villus sampling (CVS), in which the cells can be put in culture to show their normality, but they are cells taken outside from the gestational chamber (chorionic villi). These are invasive techniques (the fluid is taken by puncture in both cases), but there are also noninvasive techniques. The development of ultrasound, for example, has made it possible to develop some highly sensitive diagnostic techniques, such as the first trimester combined test [bitest and nuchal translucency (NT)], the 'quadruple' test, and lately the SCA test in the second trimester, all based on the ultrasound measurement of anatomical and functional parameters of the fetus and on the results of blood tests. These are all screening tests, then they do not give a definite answer but they have a statistical value (very accurate) that can direct toward diagnostic tests. Recently, an extremely sensitive test for the most common aneuploidies and in particular Down syndrome has been proposed to be performed on maternal blood. This test (called fetal DNA testing) is based on the count of fragments of specific chromosomes (21 in the case of Down syndrome) in maternal blood. Although not belonging to diagnostic tests but to probabilistic ones, this test is absolutely the most accurate so far available, with values around 99.99% sensitivity and 0.2% false positives. Also ultrasound in the second trimester of pregnancy (also called morphological ultrasound) that can detect any malformation or fetal abnormality and fetal echocardiography, which analyzes sonographically the fetal heart not only anatomically but also from the dynamic-functional point of view, may be considered methods of prenatal diagnosis. This technique cannot identify genetic diseases.
INTRODUCTION
The phenomenal developments in molecular genetics and technological refinements which have occurred over the past decades have revolutionized the area of prenatal genetics. State-of-the-art care commences with comprehensive preconceptional counseling. Prenatal diagnosis is now feasible from the moment of conception onward. Imaging techniques have allowed noninvasive diagnosis while minimally invasive techniques concentrate on sampling maternal blood for fetal cells or markers of feto-placental metabolism. Invasive techniques have been rapidly expanding and becoming safer, comprising of chorionic villus sampling (CVS), early amniocentesis, midtrimester amniocentesis, as well as very early fetoscopy and umbilical vein sampling. 1 Advances in prenatal diagnostic techniques allow for earlier, more rapid and more effective detection of congenital disorders. Recent advances in noninvasive detection methods, such as fetal ultrasound and the isolation of fetal cells in the maternal circulation, allow the intrauterine diagnosis of congenital infections and chromosomal and Mendelian disorders, as well as hematologic disorders.
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Many disorders have already been successfully diagnosed or excluded in utero. We currently have the potential to diagnose a number of others for which the opportunity has not yet arisen. If a biochemical, morphologic, chromosomal, or deoxyribonucleic acid (DNA) alteration is known for a specific condition and is likely to be expressed in one of the fetal tissues or secretions, attempt at prenatal diagnosis is reasonable. Our ability to detect the inherited disorders in utero will continue to improve both in the number of specific disorders successfully diagnosed or excluded and in the increasingly earlier stages of pregnancy at which the disorder can be detected. Advances in instrumentation have decreased the risk of the invasive methods of prenatal diagnosis, and improvement in noninvasive methods, such as maternal serum screening (MSS), may eliminate the need for invasive procedures altogether. Detection of useful DNA polymorphisms linked to genes for specific diseases and development of specific gene probes have improved the accuracy of diagnosis and reduced the need for specific fetal tissues. The entire genome of an individual is present in each cell, even though a specific gene product may not be expressed in that cell. Thus, DNA restriction endonuclease studies can be performed on amniotic fluid cells, chorionic villi, fetal cells in maternal circulation and fetal tissues with equal facility. The usefulness of prenatal diagnosis will always be limited by the ability to detect pregnancies at risk. If carrier detection is unavailable, the only way to identify couples at risk for offspring with an autosomal recessive condition is by the birth of an affected child. For autosomal dominant and X-linked recessive and dominant conditions, new mutations will continue to occur. As mentioned previously, screening of all pregnancies for all defects is not possible now and is unlikely ever to be feasible, either economically or technically. The reliability of prenatal diagnosis will continue to depend upon accurate diagnosis in the index case and upon the availability of a specific and sensitive test (or tests), with no overlap in values between heterozygotes and homozygotes for autosomal recessive conditions or between normal and affected fetuses with autosomal dominant and X-linked recessive disorders. Correct interpretation of test results is subject to experience, recognition of artifact, and variation in the expression of a given disorder in utero. 3 Prenatal diagnosis of aneuploidy and single-gene disorders is usually performed by collecting fetal samples through amniocentesis or CVS. However, these invasive procedures are associated with some degree of risk to the fetus and/or mother. Therefore, in recent years, considerable effort has been made to develop noninvasive prenatal testing (NIPT) and noninvasive prenatal diagnosis (NIPD). One potential noninvasive approach involves analysis of cellfree fetal DNA (cffDNA) in maternal plasma or serum. Another approach utilizes fetal cells within the maternal circulation as a source of fetal DNA. 4 In fact, fetal cells and cffDNA can be found circulating in maternal blood. Fetal cells recovered from maternal blood provide the only source of pure fetal DNA for NIPT. Fetal nucleated erythrocytes are considered the most suitable maternallycirculating fetal cells for this purpose, because they are not commonly found in the peripheral blood of healthy adults and are most abundant in the fetus during early gestation. Because fetal cells in maternal blood are extremely rare, a definitive separation method has not yet been established. Fetal nucleated erythrocytes can be enriched from maternal blood via fluorescence-or magnetic-activated cell sorting (MACS), density gradients, immuno-magnetic beads, or micromanipulation. Fetal cells are identified by Giemsa staining, hybridization with Y-chromosome specific probes, polymerase chain reaction (PCR)-detection of a specific paternal allele, or immunostaining for fetal cell antigens. Amplification of fetal DNA sequences by primer extension preamplification (PEP) and PCR has allowed prenatal screening for Duchenne muscular dystrophy and the fetal Rhesus (RhD) blood type. Sequence-specific hybridization has been used to detect sickle cell anemia and beta-thalassemia prenatally in heterozygous carriers of these disorders. 5 Thus, at the present time, fetal gender and fetal RhD blood type within RhD-negative pregnant women can be reliably determined through analysis of maternal plasma. Furthermore, genetic alterations can be diagnosed in the maternal plasma, when the mother does not have the alterations. However, the diagnosis of maternally inherited genetic disease and aneuploidy is limited using this approach. 4 The use of cffDNA in maternal plasma for the diagnosis of single-gene disorders is limited to disorders caused by a paternally inherited gene or a mutation that can be distinguished from the maternally inherited counterpart. At present, fetal gender can be determined from maternal plasma. When a pregnant woman is a heterozygous carrier of an X-linked disorder, the determination of fetal gender is clinically very informative for first-step screening to avoid invasive amniocentesis. Noninvasive prenatal diagnosis of genetic disorders should be applied to pregnant women with a definite risk for a specific single-gene disorder. 5 Noninvasive prenatal diagnosis through examination of intact fetal cells circulating within maternal blood can be used to diagnose a full range of genetic disorders. Since, only a limited number of fetal cells circulate within maternal blood, the above cited procedures to enrich the cells and enable single cell analysis with high sensitivity are required. Recently, separation methods, including a lectin-based method and autoimage analyzing, have been developed, which have improved the sensitivity of genetic analysis. This progress has supported the possibility of NIPD of genetic disorders.
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Historical Notes
Prenatal diagnosis of fetal genetic conditions is a standard part of modern obstetric care. Many of the current methods rely on invasive methods and are associated with an inherent risk of fetal loss. Consequently, there has been a long-term goal for development of NIPD. The first report of the occurrence of fetal cells in maternal circulation dates back to 1893, when the German pathologist Schmorl identified trophoblast cells in the lungs of women who had died from eclampsia. Till recently, however, the existence of DSJUOG fetal cells in maternal blood was a matter of considerable debate. The main reason for this dispute was the inability to successfully and reliably enrich for these cells, which has also hindered their clinical use. In the meantime, this issue has been addressed and both the fetal aneuploidies and single gene defects can now be detected in a noninvasive manner using fetal cells enriched from maternal blood. 6 Since, the discovery of circulating nucleic acids in plasma in 1948, many diagnostic applications have emerged. For example, diagnostic and prognostic potentials of circulating tumor-derived DNA have been demonstrated for many types of cancer. The parallel development of fetal-derived DNA detection in maternal plasma has opened up the possibility of NIPT and monitoring of many pregnancy-associated disorders. In this regard, noninvasive fetal RhD blood group genotyping has already been translated into clinical practice.
Other applications of circulating DNA in traumatology and transplant monitoring have also been reported. The more recent discoveries of circulating tumor-derived ribonucleic acid (RNA) and fetal-derived RNA have proven to be equally important as their DNA counterparts. Successful prenatal diagnosis of Down syndrome (DS) by fetal RNA analysis has recently been reported. However, the definite origin and release mechanisms of circulating nucleic acids have remained incompletely understood, with cell death being suggested to be associated with such nucleic acid release.
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Pregnancy screening for fetal aneuploidy (e.g. DS and trisomy 18) started in the mid 1960s, using maternal age as the screening test. The research into noninvasive and invasive prenatal diagnostic techniques developed almost in parallel. On the one hand, the need was arising to ensure the birth of normal progeny in all cases, while on the other hand, it was not possible to eliminate the not insignificant abortion risks of invasive diagnosis. One of the first researchers in the noninvasive field was Adinolfi who published the earliest data in 1974 on the possibility of detecting three types of fetal cells in the maternal circulation using flow cytometry. Adinolfi suggested the possibility of using fetal cells present in the maternal circulation for prenatal diagnosis of chromosome or biochemical anomalies. Cells are also present in the endocervical canal where from the 8th week of pregnancy, it is only possible to obtain trophoblast cells. This technique has since been abandoned due to the scarcity of cellular material available, the greater risk of contamination by cells of maternal origin, and also because the recovery of the cells is unpredictable, despite their potential use for the early noninvasive diagnosis of sex. 8 Over the past 40 years, much effort has been spent on developing NIPD. There has recently been an upsurge of interest in the analysis of circulating nucleic acids (DNA and/or RNA) in blood plasma or serum as a clinical diagnostic tool. Occasional earlier reports suggested the existence of circulating nucleic acids, but the potential clinical implication was not realized until 1996, when DNA with tumor-specific characteristics was demonstrated in the plasma/serum of cancer patients. This finding opened up possibilities for noninvasive cancer diagnosis. Potential applications have been reported in cancer diagnosis, prenatal diagnosis, transplantation and traumatology. Some of the findings are on the verge of being translated into clinical use. DNA is also now being sought in other body fluids, such as urine.
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In 1997, the presence of circulating fetal DNA in maternal plasma and serum was first discovered by Lo et al through the detection of Y-chromosome-specific sequences in the plasma of women conceived with male fetuses and has become a useful tool for prenatal diagnosis in less than 5 years. This discovery has opened up new possibilities in the development of NIPT by a source of fetal genetic material that could be conveniently accessible simply through the collection of a maternal peripheral blood sample. It has been shown that cffDNA analysis could offer highly accurate assessment of fetal genotype and chromosomal make up for some applications. Thus, cffDNA analysis has been incorporated as a part of prenatal screening programs for the management of fetal RhD blood genotyping to prevent incompatibility, prenatal diagnosis of sex-linked and sex-associated disorders, paternally inherited genetic diseases, as well as the prenatal detection of DS, and is a viable indicator of predisposition to certain obstetric complications (e.g. pre-eclampsia). More recently, there have been significant new developments with expanding number of potential applications. 10, 11 Since 1997, in fact, these developments have been translated into many novel genetic, epigenetic, and gene-expression markers, and are expected to have a fundamental impact on the future practice of prenatal diagnosis. 12 Management of pregnancies at risk of an X-linked Mendelian disorder has changed thanks to the noninvasive fetal sex assessment. As for other Mendelian disorders, until recently, their study was limited to those cases paternally inherited. Nevertheless, the new emerging technologies are also opening the scope to maternally inherited disorders. 13 Since 1997, many studies have examined the accuracy of prenatal fetal sex determination using cffDNA, particularly for pregnancies at risk of an X-linked condition. To evaluate the use of cffDNA for prenatal determination (diagnosis) of fetal sex overall mean sensitivity was 96 Post-genomics technologies that explore the proteins (proteomics) and transcripts (transcriptomics) released by the placenta into the maternal circulation offer new opportunities to identify genes and their protein products that are key diagnostic markers of disease (in particular DS), and might replace the current screening markers in use for prediction of risk of DS. In the ideal situation, these markers are sufficiently diagnostic not to require invasive sampling of fetal genetic material. Post-genomics techniques might also offer better opportunities for defining fetal cell-specific markers that might enhance their isolation from maternal blood samples. Progresses in these studies are particularly those funded by the special noninvasive advances in fetal and neonatal evaluation (SAFE) network of excellence (NoE).
17 SAFE is a European Union Framework, NoE which facilitates the implementation of NIPD for single gene disorders, fetal RhD typing, aneuploidy and pregnancy complications. 18 The SAFE project was set up to implement routine, cost-effective NIPD and neonatal screening through the creation of long-term partnerships within and beyond the European community and has played a major role in the standardization of noninvasive RhD genotyping. Other research using cffDNA has focused on the amount of cffDNA present in the maternal circulation, with a view to pre-empting various complications of pregnancy. One of the key areas of interest in the noninvasive arena is the prenatal detection of aneuploidy pregnancies, particularly DS. Owing to the high maternal DNA background, detection of cffDNA from maternal plasma is very difficult. Consequently, research in this area is now more focused on cffRNA to produce new biomarkers.
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Proteomics-based identification of biomarkers for fetal abnormalities in maternal plasma, amniotic fluid, and reproductive fluids has made significant progress in the past 10 years. This is attributed mainly to advances in various technology platforms associated with mass spectrometrybased techniques. As these techniques are highly sensitive and require only small quantities of body fluids, it is hoped that they will pave the way for the development of effective noninvasive approaches, without subjecting the developing fetus to the same degree of harm as current invasive procedures (e.g. amniocentesis). It is possible that these developments will include same-day analyses, thereby permitting rapid intervention when necessary. To date, a host of body fluids, such as maternal serum and plasma, amniotic fluid, cervical fluid, vaginal fluid, urine, saliva, or fetal material, such as placental trophoblast, fetal membranes, or cord blood, have been used successfully in the quest to develop markers for a number of pregnancyrelated pathologies. The emergence of proteomics has come as a major platform technology in studying various types of fetal conditions and developing markers for pregnancyrelated disorders, such fetal aneuploidy, preterm birth, pre-eclampsia, intra-amniotic infection and fetal stress. 20 Comparisons of proteomes of normal fluids with those from aneuploidy pregnancies have revealed a host of candidate markers that still need to be verified. In parallel with proteomics, there is interest in other emerging techniques, such as RNA-single nucleotide polymorphism (SNP) analysis or quantitation of fetal DNA by shotgun sequencing. Although these genomic techniques hold much promise, discovery of additional markers via quantitative proteomic comparisons could drastically improve current conventional screening at reasonable cost. Proteomics-based biomarker discovery is applicable to detection of not just aneuploidies, but also other pregnancy-related diseases. Should the development of these markers be successful, then it is to be envisaged that proteomic approaches will become standard of care for a number of disease conditions associated with feto-maternal health. currently relies on assessment of risk followed by invasive testing in 5% of pregnancies at the highest estimated risk.
Selection of the high-risk group by a combination of maternal age and second-trimester maternal serum biochemistry gives a detection rate of about 60%. Assessment of risk by a combination of maternal age and fetal nuchal translucency (NT) thickness, measured by ultrasonography at 10 to 14 weeks of gestation, has been investigated. Selection of the high-risk group for invasive testing by this method allows the detection of about 80% of affected pregnancies. However, even this method of risk assessment requires about 30 invasive tests for identification of one affected fetus.
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Studies evaluating tests of maternal serum in women at 14 to 24 weeks of gestation for DS, compared with a reference standard, either chromosomal verification or macroscopic postnatal inspection, have been made. Data were extracted as test positive/test negative results for Down's and nonDown's pregnancies allowing estimation of detection rates (sensitivity) and false positive rates (1-specificity). Twelve different tests have been matched with maternal age: alpha-fetoprotein (AFP), unconjugated estriol (uE3), total human chorionic gonadotrophin (hCG), free β-hCG, free α-hCG, inhibin A, specificity protein 2 (SP2), cancer antigen 125 or carbohydrate antigen 125 (CA125), troponin, pregnancy-associated plasma protein A (PAPP-A), placental growth factor (PGF), and proform of eosinophil major basic protein (ProMBP). Meta-analysis of 12 best performing or frequently evaluated test combinations showed double and triple tests (involving AFP, uE3, total hCG, free β-hCG) significantly outperform individual markers, detecting 6 to 7 out of every 10 DS pregnancies at a 5% false positive rate. Tests additionally involving inhibin performed best (8 out of every 10 DS pregnancies) but were not shown to be significantly better than standard triple tests in direct comparisons. Significantly lower sensitivity occurred in women over the age of 35 years. Women who miscarried in the over 35 group were more likely to have been offered an invasive test to verify a negative screening results, whereas those under 35 were usually not offered invasive testing for a negative screening result. Pregnancy loss in women under 35 therefore leads to under ascertainment of screening results, potentially missing a proportion of affected pregnancies and affecting the accuracy of the sensitivity. Tests involving two or more markers in combination with maternal age are significantly more sensitive than those involving one marker. The value of combining four or more tests or including inhibin have not been proven to show statistically significant improvement. Further study is required to investigate reduced test performance in women aged over 35 and the impact of differential pregnancy loss on study findings.
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Fetal ultrasound screening has become routine practice in many Western countries. During the last two decades, such screening has led to frequent situations characterized by clinical uncertainty due to the disclosure of soft markers in the unborn child. Soft markers are minor anatomical variations indicating a somewhat increased likelihood that the fetus has a chromosomal aberration, most frequently trisomy 21. An analysis of the literature makes evident that many ultrasound examiners have counseled individual pregnant women on the basis of insufficient data. Moral dilemmas have thus emerged as a direct result of advancing medical technology, and healthy fetal lives prove to have been lost due to invasive diagnostic testing aimed at resolving clini cal uncertainty. Ultrasound examiners have warned against a policy of disclosing all findings of soft markers to expectant parents, but no exploration of experiential aspects linked to the disclosure of fetal soft markers has yet been published in the medical literature. The emotional reactions of mothers are important to consider given their potential impact on the biological development of the fetus. [26] [27] [28] Assisted reproductive techniques (ART) have increased the number of pregnant women beyond the age of 35 years and the incidence of multiple pregnancies. Specific problems are encountered when noninvasive screening methods are applied for pregnancies achieved by ART. Overall, more women with assisted reproduction singleton pregnancies are found to be false-positive for DS. This is because standard screening algorithms include maternal age. In addition, midtrimester MSS is associated with a higher false-positive rate. This is due to changes in the fetoplacental endocrinological metabolism in pregnancies achieved by ART. Ultrasound screening of DS by means of NT measurements at 10 to 14 weeks is associated with a lower false-positive rate than mid-trimester serum screening. The lowest false-positive rates reported in singleton pregnancies are observed when serum and NT screening are combined at 10 to 14 weeks. In multiple pregnancies, mid-trimester MSS is of limited clinical value. Nuchal translucency measurement is among the best available and is the most efficient screening method for multiple pregnancies. This sonographical method for screening enables specific identification of those fetuses at high risk of DS and other anomalies, and thus contributes to a better outcome. Therefore, it should be systematically performed before any fetal reduction in high-order multiple pregnancies is planned. 29 As we have seen before, both intact fetal cells as well as cffDNA are present in the maternal circulation and can be recovered for NIPT. Although methods for enrichment and isolation of rare intact fetal cells have been challenging, diagnosis of fetal chromosomal aneuploidy including trisomy 21 in first-and second-trimester pregnancies has been achieved with a 50 to 75% detection rate. Similarly, cffDNA can be reliably recovered from maternal plasma and assessed by quantitative PCR to detect fetal trisomy 21 and paternally derived single gene mutations. Real-time PCR assays are robust in detecting low-level fetal DNA concentrations, with sensitivity of approximately 95 to 100% and specificity near 100%. Comparing intact fetal cell vs cffDNA methods for noninvasive prenatal screening for fetal chromosomal aneuploidy reveals that the latter is at least four times more sensitive. These preliminary results do not support a relationship between frequency of intact fetal cells and concentration of cffDNA. The above results imply that the concentration of fetal DNA in maternal plasma may not be dependent on circulating intact fetal cells but rather be a product of growth and cellular turnover during embryonic or fetal development. 30 Since, the existence of cff DNA in maternal circulation was discovered, it has been identified as a promising source of fetal genetic material in the development of reliable methods for NIDP of fetal trisomy 21. Currently, a prenatal diagnosis of fetal trisomy 21 is achieved through invasive techniques, such as CVS or amniocentesis. However, such invasive diagnostic tests are expensive, require expert technicians, and have a miscarriage risk approximately 1%. Therefore, NIPT using cffDNA in the detection of fetal trisomy 21 is significant in prenatal care. Recently, the application of new techniques using single-molecular counting methods and the development of fetal-specific epigenetic markers has opened up new possibilities in the NIPD of fetal trisomy 21 using cffDNA. These new technologies will facilitate safer, more sensitive and accurate prenatal tests in the near future. 
Prenatal Diagnosis by Detection of Fetal Cells in Maternal Circulation
The existence of fetal cells in the blood of pregnant women is now well-established. Recognizing these cells with specific antibodies and isolating them with fluorescent or magnetic systems have been the subject of numerous DSJUOG studies. 35 When the gestation is normal, fetal cells are low in number. Complications of pregnancy, such as pre-eclampsia, or fetal cytogenetic abnormalities, such as DS, increase fetomaternal transfusion. The isolation of fetal cells from maternal blood is currently under active investigation as a NIPD method. The fetal cells that are most commonly used for noninvasive genetic diagnosis, the nucleated erythrocyte and the trophoblast, are highly differentiated and do not persist postpartum. In the context of studying fetal cells in maternal blood, it was discovered that fetal progenitor cells originating from a prior pregnancy could also be detected. This led to the appreciation that unlike fetal DNA in plasma, which is cleared almost immediately following delivery, fetal cells persist for decades postpartum. Following pregnancy, labor, and delivery, a woman becomes a chimera. Transfused fetal stem and progenitor cells appear to be capable of further differentiation and migration to maternal organs.
A further research agenda is needed to explore the newly appreciated phenomenon of bidirectional fetomaternal cell trafficking. Any consideration of the fetus as a patient must also consider the fetus as a potential source of therapeutic stem cells for the mother. 36 Stem cells have been isolated at all stages of development from the early developing embryo to the postreproductive adult organism. However, the fetal environ ment is unique as it is the only time in ontogeny that there is migration of stem cells in large numbers into different organ compartments. While fetal neural and hemopoietic stem cells (HSC) have been well characterized, only recently have mesenchymal stem cells (MSC) from the human fetus been isolated and evaluated. Some groups have characterized in human fetal blood, liver, and bone marrow a population of nonhemopoietic, nonendothelial cells with an immunophenotype similar to adult bone marrowderived MSC. These cells, human fetal MSC (hfMSC), are true multipotent stem cells with greater self-renewal and differentiation capacity than their adult counterparts. They circulate in first trimester fetal blood and have been found to traffic into the maternal circulation, engrafting in bone marrow, where they remain microchimeric for decades after pregnancy. Though fetal microchimerism has been implicated in the pathogenesis of autoimmune disease, the biological role of hfMSC microchimerism is unknown. Potential downstream applications of hfMSC include their use as a target cell for NIPD from maternal blood, and for fetal cellular and gene therapy. Using hfMSC in fetal therapy offers the theoretical advantages of avoidance of immune rejection, increased engraftment, and treatment before disease pathology sets in. Aside from allogeneic hfMSC in utero transplantation, the use of autologous hfMSC has been brought a step forward with the development of early blood sampling techniques, efficient viral transduction and clonal expansion. Work is ongoing to determine hfMSC fate post-transplantation in murine models of genetic disease. Many questions, in fact, remain about the feasibility of using fetal cells from maternal blood for prenatal diagnosis. Although recently there has been more focus on clinically relevant methods, many studies have been performed using blood drawn after invasive procedures, and over a wide range of gestational ages. For methods to be applicable to clinical use, more work is needed on isolating cells early in pregnancy, when termination is still an option for parents who are found to have an affected pregnancy. In fact, it has not yet been shown definitively whether there is an ideal gestational age for sampling, whether AB0 incompatibility might limit availability of fetal cells, or whether the number of present cells might be different in normal vs abnormal pregnancies. Polymerase chain reaction has been shown to be a powerful tool in allowing amplification and identification of very small amounts of fetal DNA. However, this is limited to cases in which a specific and unique gene from the father is sought. This means that there is the potential to diagnose many paternally inherited autosomal dominant diseases and some autosomal recessive diseases, in which the parents have different and identifiable mutations. However, when parents are both carriers of the same autosomal recessive mutations, or when the disease is X-linked, PCR will not aid in prenatal diagnosis. Cytogenetic analysis of fetal cells by FISH after cell sorting is another potentially useful method of prenatal diagnosis, but requires relatively pure samples of fetal cells or an independent marker that allows easy microscopic identification. The latter might be accomplished by identifying fetal cells through their expression of embryonic hemoglobins or because they contain HLA-G messenger RNA (mRNA). In addition, current techniques of cell sorting must be improved, so that a higher percentage of fetal cells can be isolated. Currently, the best cell sorting techniques usually produce a maximum purity of 10% fetal cells. Commonly, in normal pregnancies, fewer than 0.1% of the cells isolated after sorting are fetal in origin. Improving the concentration and quantity of fetal cells will improve the accuracy of FISH. Methods, such as immunophenotyping that allow the selective identification of fetal cells by microscopy, and can be used in conjunction with FISH, may be extremely valuable, because they may allow the genetic analysis of only the few fetal cells within a background preponderance of maternal cells. 41 General Quantitative fluorescence (QF)-PCR has recently entered the field of prenatal diagnosis to overcome the need to culture fetal cells, hence to allow rapid diagnosis of some selected chromosomal anomalies. In the studies on the accuracy of QF-PCR in detecting chromosomal anomalies at prenatal diagnosis, the detection rate of aneuploidies of the selected chromosomes (13, 18, and 21, and X and Y) was 98.6% (95% CI = 97.8-99.3). QF-PCR might play a major role and be considered a valid alternative to the full karyotype. Being less expensive, and almost entirely automated, more women could undergo invasive prenatal diagnosis without significant increase in health expenditure. By using QF-PCR as a stand-alone test, the chances of nondiagnosing the commonest, and the only chromosome anomalies which do increase in frequency with maternal age, are approximately one in 150 abnormal karyotypes, or one in 10,000-30,000 samples, based on the age distribution. These error rates might be deemed acceptable, although most structural chromosomal anomalies will be missed. At present, women are rarely informed about the full spectrum of the conditions which might be diagnosed via amniocentesis or CVS. Some of these anomalies might be acceptable, in view of their limited or uncertain clinical relevance, and decision analysis might, in the majority of cases, confine the full karyotype to selected women who have specific indications. 43 However, several achievements in the field of laboratory-on-a-chip (Lab-on-a-chip) technology have provided clear advancements in projects aimed at the isolation of rare cells from biological fluids. Among the most interesting approaches are those based on dielectrophoresis (DEP). Dielectrophoresis-based Labon-a-chip platforms have been demonstrated to be suitable for several applications in biotechnology and biomedicine. Dielectrophoresis-based arrays are able to manipulate single cells, which can be identified and moved throughout the DEP chip to recovery places. Dielectrophoresis buffers are compatible with molecular interactions between monoclonal antibodies and target cells, allowing integration of these devices with MACS. Dielectrophoresis treatment does not alter the viability of manipulated cells.
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DNA-based Prenatal Diagnosis
DNA-based prenatal diagnosis can be performed on chorionic villi, which can be obtained as early as the 8th week of gestation. Thus, the approaches that use sensitive and specific molecular probes will allow identification of a fetus at risk DSJUOG relatively early during the pregnancy. 52 The noninvasive deter mination of fetal genetic characteristics, including blood group types, is a long-sought goal of modern genetics. Fetal DNA is present in maternal plasma, and a proportion of such DNA is seen in intact fetal cells. Previous work on the use of fetal cells in maternal blood has been hampered by the rarity of such cells. 53 The existence of high concentrations of circulating fetal DNA in maternal plasma may enable NIPD. There are many applications of fetal DNA in maternal plasma for clinical diagnosis. 54 It is particularly useful that fetal DNA is present in relatively high concentrations in maternal plasma, making its robust detection possible using modern technology. 55 Circulating nucleic acids are present in small amounts in the plasma of healthy individuals. However, increased levels of plasma circulating nucleic acids have been reported in a number of clinical disorders like cancer, stroke, trauma, myocardial infarction, autoimmune disorders and pregnancyassociated complications. Circulating nucleic acids have received special attention because of its potential application as a noninvasive, rapid, and sensi tive tool for molecular diagnosis and monitoring of acute patho logies and the prenatal diagnosis of fetal genetic diseases. 56 The detection of circulating nucleic acids has long been explored for the noninvasive diagnosis of a variety of clinical conditions. In earlier studies, detection of circulating DNA has been investigated for the detection of various forms of cancer. Metastasis and recurrence in certain cancer types have been associated with the presence of high levels of tumor-derived DNA in the circulation. In the case of pregnancies, detection of fetal DNA in maternal plasma is a useful tool for detecting and monitoring certain fetal diseases and pregnancy-associated complications. Similarly, levels of circulating DNA have been reported to be elevated in acute medical emergencies, including trauma and stroke, and have been explored as indicators of clinical severity. Apart from circulating DNA, much attention and effort have been put into the study of circulating RNA over the last few years. This area started from the detection of tumor-derived RNA in the plasma of cancer patients. Soon after that, detection of circulating fetal RNA in maternal plasma was described. Plasma RNA detection appears to be a promising approach for the development of gender and polymorphism-independent fetal markers for prenatal diagnosis and monitoring. This development also opens up the possibility of noninvasive prenatal gene expression profiling by maternal blood analysis. Besides circulating DNA and RNA in plasma and serum, cell-free DNA in other body fluids, such as urine, has been detected in patients with different clinical conditions. Regardless of the sources of cell-free DNA for clinical use, the amount is frequently scarce. Technical advancements in detecting free DNA have been made over the years. It is likely that further developments in the field of circulating nucleic acids will provide us with new diagnostic and monitoring possibilities over the next few years.
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Using molecular techniques, fetal DNA and RNA can be detected from 5 weeks gestation and are rapidly cleared from the circulation following birth. Cell-free fetal DNA comprises only 3 to 6% of the total circulating cell-free DNA, therefore diagnoses are primarily limited to those caused by paternally inherited sequences as well as conditions that can be inferred by the unique gene expression patterns in the fetus and placenta. Broadly, the potential applications of this technology fall into two categories: first, high genetic risk families with inheritable monogenic diseases, including sex determination in cases at risk of X-linked diseases and detection of specific paternally inherited single gene disorders, and second, routine antenatal care offered to all pregnant women, including prenatal screening/diagnosis for aneuploidy, particularly DS, and diagnosis of Rh-factor status in RhD-negative women. Already sex determination and Rh-factor diagnosis are nearing translation into clinical practice for high-risk individuals. 58 There is more and more evidence that the trophoblastic cells act as the major source of circulating cffDNA. Contrary to fetal cells analysis in maternal blood which requires isolation and enrichment procedures, fetal DNA analysis is relatively easy to perform with the use of real-time PCR. Noninvasive fetal sex and fetal RhD genotype determination are, to date, the two main clinical indications. Those newly offered possibilities have changed the management of pregnant women who are carriers for X-linked genetic disorders. Prenatal diagnosis by CVS could only be performed for male fetuses avoiding an unnecessary risk of fetal loss for female fetuses. Moreover, fetal RhD genotyping by maternal blood analysis could be useful in RhD-negative women at risk of immunization in order to adapt prophylactic anti-D injection. 59 The provision of prenatal diagnosis requires the highest standards in laboratory practice to ensure an accurate result. In PGD, protocols additionally have to address the need to achieve an accurate result from one to two cells within a limited time. Emerging protocols of NIPT, which are based on analysis of cffDNA in the circulation of the pregnant mother, also have to achieve a result from a limited quantity of fetal DNA against a high background of maternal free DNA. Real-time PCR uses fluorescent probes or dyes and dedicated instruments to monitor the accumulation of amplicons produced throughout the progress of a PCR reaction. Real-time PCR can be used for quantitative or qualitative evaluation of PCR products and is ideally suited for analysis of nucleotide sequence variations (point mutations) and gene dosage changes (locus deletions or insertions/duplications) that cause human monogenic diseases. Real-time PCR offers a means for more rapid and potentially higher throughput assays, without compromising accuracy and has several advantages over end-point PCR analysis, including the elimination of post-PCR processing steps and a wide dynamic range of detection with a high degree of sensitivity.
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To date, the major use of cffDNA genotyping in the clinic has been for the noninvasive detection of the pregnancies that are at risk of hemolytic disease of the fetus and newborn (HDFN), caused by the action of maternal antibodies on paternally derived antigens present on fetal erythrocytes. The D-negative blood group is found in 15% of whites, 3 to 5% of black Africans and is rare in Asians. RhD blood group incompatibility between a pregnant woman and her fetus can result in maternal alloimmunization and consequent HDFN in subsequent pregnancies. 61 This, in its most severe form, may lead to death in utero. Although the introduction of anti-D prophylaxis has greatly reduced the incidence of the disease, a significant number of cases appear each year. Prenatal diagnosis of fetal RhD status is useful for the management of RhD-negative women with partners heterozygous for the RhD gene. Current antenatal management aims to predict whether the fetus will be severely affected, correct the fetal anemia if present, and deliver the baby at the optimal time. Indirect methods include antibody quantitation performed on maternal blood samples, and amniocentesis to determine bilirubin levels in the amniotic fluid. Fetal blood sampling offers a direct method to determine the antigen status of the fetus, and enables measurement of fetal hemoglobin and hematocrit, if appropriate. Both fetal blood sampling and amniocentesis are invasive procedures and have the potential to produce further antibody stimulation which can compound existing problems and compromise the pregnancy. The ultimate aim was then to develop an accurate, noninvasive technique for fetal DNA typing which could be carried out in the first trimester. 62 The recent demonstration of the existence of cffDNA in maternal plasma and serum has opened up the possibility of determining fetal RhD status by analysis of maternal plasma or serum DNA. This possibility has recently been realized by three independent groups of investigators. This development represented an important step toward the routine application of noninvasive fetal blood group diagnosis in sensitized pregnancies and became a model for developing safer NIPT for other single-gene disorders.
Pinpointing those pregnancies where further intervention is not required will reduce the demand on national health service (NHS) resources. scores. NIPD proforma identified that specific biases were potentially introduced through selective population sampling and/or failure to report the make-up of the population tested, omission of inconclusive results, inconsistencies in the handling of repeat results on a sample, and lack of adequate controls. These factors would inevitably affect the validity of diagnostic accuracy as reported in individual publications, as well as any subsequent meta-analyses. Together, published reports to date may provide a biased picture of the actual potential of NIPD for fetal RhD genotyping. Generalization of the available evidence on diagnostic accuracy, especially to large-scale implementation of NIPD of non-sensitized women, will also require that decision makers consider further aspects, such as test reliability and cost of routine testing in clinical practice. It is recommended that all studies of diagnostic accuracy of NIPD adhere to the STARD quality checklist in order to improve reporting, thereby minimizing bias and increasing the comparability of studies. Researchers should also consider specific shortcomings for NIPD and avoid selective participant sampling, report population characteristics, report handling of replicate sampling as well as their failure rates, and include controls for genotypes tested in the study. Furthermore, meta-analyses should consider the quality, as well as the sample size, of NIPD in their analysis. Larger trials, required to produce results that are valid and meaningful for clinical practice, must also adhere to these reporting standards.
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In conclusion, the discovery of cell-free circulating fetal nucleic acids in maternal plasma has opened up new possibilities in NIPD. The rapid advancement of this field in the past decade is catalyzed by the discovery of new classes of fetal nucleic acid markers and technological developments in nucleic acid detection and amplification. Some of the more significant recent developments in this field include the detection of single molecule, chromosomal aneuploidies, single nucleotide variations, and placental microRNA in maternal plasma. 66 NIPT of fetal chromosomal aneuploidies and monogenic diseases by analyzing fetal DNA present in maternal plasma poses a challenging goal. In particular, the presence of background maternal DNA interferes with the analysis of fetal DNA. Using single molecule counting methods, including digital PCR and MPS, many of the former problems have been solved. Digital mutation dosage assessment can detect the number of mutant alleles a fetus has inherited from its parents for fetal monogenic disease diagnosis, and plasma DNA MPS enables the direct detection of fetal chromosomal aneuploidies from maternal plasma. The analytical power of these methods, namely sensitivity, specificity, accuracy, and precision, should catalyze the eventual clinical use of NIPD.
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Psychological Issues
The possibility of the application of reliable NIPD to clinical practice, and its likely availability as a tool for routine antenatal screening, is an important and exciting development that will be of interest to women and couples, especially where there is a known risk arising from family history, or some other source, of having a baby with a serious, disabling, or life-limiting condition. Managing the intro duction of this new technology will require attention to the understanding and perceptions of women, couples, and the wider society, as well as to the clinical, scientific, technical, and logistic issues that will inevitably arise. 73 Prior to any specific prenatal diagnostic procedure, the pregnant woman should be counseled about the indications for the procedure and how the diagnosis would inform care. In addition, the risks and limitations should be clearly spelt out. The availability of NIPD, such as sonography appears to have led to a higher rate of acceptance of such procedures, especially in younger patients. The expectations of pregnant women and their partners concerning prenatal diagnosis focus on reducing uncertainty in regard to the normality of the pregnancy. However, any prenatal diagnostic procedure can cause emotional stress in the pregnant woman. There are two different types of stress in this situation. There may be anxiety about the invasive nature of the procedure and the atten dant risk of the loss of a wanted pregnancy. There may also be anxiety over the outcome of the investigation. Any unexpected finding, especially an abnormal one, often has an adverse impact on the pregnant woman and her partner. Imaging of the unborn child on sonography, and revealing fetal movements and heartbeat, are increasingly a common and key experience in a pregnancy. With the advent of this now commonly shared experience, the male partner also gives up his role as a passive onlooker and becomes more actively involved in the pregnancy. Couples require multidisciplinary care if an abnormal fetus is found.
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Ethical and Medicolegal Issues
Down syndrome screening has been an integral part of routine prenatal testing for the last four decades. Assessment of risk for trisomy 21 can be carried out by a combination of maternal age, fetal NT thickness, and maternal serum free β-hCG and PAPP-A at 11 to 13 +6 weeks. The patients are counseled with regards to their estimated risk, and are informed that the only way to know for sure whether or not the fetus has a chromosomal abnormality is by having an invasive test, but these tests carry a risk of miscarriage of about 1%. They are also informed that although a risk of 1 in 300 or more is generally considered to be high, it is up to them to decide in favor or against invasive testing. The rate of invasive testing increases exponentially with increasing esti mated risk (r = 0.917, P < 0.0001). Pregnant women are able to use sophisticated screening information to make scienti fically and ethically rational decisions about invasive testing for trisomy 21. These empiric data compliment the argu ments of normative ethics to create evidence-based ethical standards for informed consent regarding invasive testing. 75 Recent efforts have been directed at developing additional noninvasive prenatal screening techniques that could not only improve sensitivity of prenatal screening, but also be employed in the first trimester to offer earlier diagnostic and interven tional opportunities. Nuchal trans lucency has proven to be a cost-effective screening test that, when combined with serum markers (hCG and PAPP-A) in the first and/or second trimester, broadens the diagnostic possibilities and improves the diagnostic capabilities of current prenatal DS screening methods. Despite the potential benefits, significant operational issues regarding access to and availability of such testing may limit its widespread application and necessitates the maintenance of both non-sonographic and second trimester screening methods. The implementation of first trimester DS testing requires the development and maintenance of nationally standardized quality control systems to ensure the reliability of serum and ultrasound measurements and the accurate assessment of risk. Future efforts to improve prenatal screening should continue to emphasize the need for improved access to all aspects of prenatal care, stress the importance of provider education and the necessity for extensive patient counseling, and reinforce the role of patient education and choice. 76 Obtaining fetal nucleic material for molecular analysis without the need of invasive procedures has been a goal of prenatal diagnosis for many years. This is now been made possible by the use of noncellular fetal nucleic acids circulating in maternal blood. The placenta is the primary source of these nucleic acids, raising the possibility that they could be a marker for pregnancy complications resulting from placental disease/dysfunction, such as preeclam psia and intrauterine growth restriction (IUGR). If so, these markers might be able to identify cases at risk, predict disease and/or its severity, or allow early diagnosis. This has the potential to allow improvements in the management of complicated pregnancies. 77 Noninva sive prenatal diagnosis could significantly change the framework for testing and screening in pregnancy.
The prospect of NIPD normalizing screening and termination in pregnancy is raised as a concern. Noninvasive prenatal diagnosis will also require monitoring to ensure women are making well-informed decisions, given that a risk to the pregnancy is absent. The question of whether NIPD will reduce anxiety needs to be established and the prospect that it will increase terminations on the grounds of disability should be recognized. The offer of NIPD external to any clinical oversight might give rise to wider social sex selection, paternity testing, or testing 'for information'. The value assumptions of these uses of NIPD need to be addressed.
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The traditional focus of newborn screening for inherited metabolic diseases is to test infants for medical conditions that may cause significant morbidity and mortality unless treatment is initiated early. A major change began with the application of tandem mass spectrometry to the quantitative analysis of amino acids and acylcarnitines in dried blood spots. Beyond the lack of a consensus on disease selection, the pace of introduction for expanded screening programs has been slow and patchy among and within countries. Universal metabolic screening poses important ethical issues, related to possible ambiguous findings, late-onset diseases, conditions, such as lysosomal storage disorders, with no clear-cut evidence on when and how to start a therapy. The possible application of next generation sequencing to newborn screening has been recently proposed. In the near future, it will be also possible to perform a genetic and mutational scan across the whole genome of the fetus in a noninvasive manner by analyzing cffDNA in maternal blood as early as the 5th week of gestational age. These high-throughput methods applied to neonatal and NIPT of genetic diseases, including inborn errors of metabolism, are raising further technical, political and ethical issues. 79 Noninvasive prenatal diagnosis has been in clinical use for a decade. However, there is evidence that this technology will be more widely applied within the next few years. Guidance is therefore required to ensure that the procedure is offered in a way that is evidence-based and ethically and clinically acceptable. Four main themes have emerged: perceived attributes of the test, regulation and ethical issues, NIPD in practice, and economic considerations. However, there was a basic difference in the approach of actual or potential service users, who were very positive about the benefits of the technology, compared with other research participants, who were concerned with the potential moral and ethical outcomes of using this testing method.
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Guidelines
New developments in maternal serum and ultrasound screening have made it possible to offer all pregnant patients a noninvasive screening test to assess their risk of having a fetus with DS or trisomy 18 to determine whether invasive prenatal diagnosis tests are necessary. Invasive prenatal diagnosis would be limited to women who screen above a set risk cut-off level on noninvasive screening or pregnant women who will be 40 years at time of delivery who, after counseling, chose to go directly to amniocentesis/CVS. Currently available noninvasive screening options include maternal age combined with:
• First trimester screening (NT, maternal serum biochemical markers); • Second trimester serum screening; or • Two-step integrated prenatal screening (IPS), which includes first and second trimester serum screening with or without NT (IPS, serum IPS, contingent and sequential). The quality of evidence and classification of recommen dations followed discussion and consensus by the com bined committees of Society of Obstetricians and Gynecologists of Canada (SOGC) (genetics, diagnostic imaging) and Canadian College of Medical Geneticists (CCMG) (prenatal diagnosis). These guidelines are intended to reduce the number of amniocenteses done when maternal age is the only indication. This will have the benefit of reducing the numbers of normal pregnancies lost because of complications of invasive procedures. Any screening test has an inherent false positive rate, which may result in undue anxiety. 82 All pregnant women, regardless of age, should be offered, through an informed counseling process, the option of a prenatal screening test for the most common clinically significant fetal aneuploidies in addition to a second trimester ultrasound for dating, assessment of fetal anatomy and detection of multiples. Counseling must be nondirective and must respect a woman's right to accept or decline any or all of the testing or options offered at any point in the process. Maternal age alone is a poor minimum standard for prenatal screening for aneuploidy, and it should not be used a basis for recommending invasive testing when DSJUOG NIPT for aneuploidy is available. Invasive prenatal diagnosis for cytogenetic analysis should not be performed without multiple marker screening results except for women who are at increased risk of fetal aneuploidy:
• Because of ultrasound findings; • Because the pregnancy was conceived by in vitro fertilization (IVF) with intracytoplasmic sperm injection (ICSI); or • Because the woman or her partner has a history of a previous child or fetus with a chromosomal abnormality or is a carrier of a chromosome rearrangement that increases the risk of having a fetus with a chromosomal abnormality. At minimum, any prenatal screen offered to women who present for care in the first trimester should have a detection rate of 75% with no more than a 3% false positive rate. The performance of the screen should be substantiated by annual audit. The minimum standard for women presenting in the second trimester should be a screen that has a detection rate of 75% with no more than a 5% false positive rate.
The performance of the screen should be substantiated by annual audit. First trimester NT should be interpreted for risk assessment only when measured by sonographers or sonologists trained and accredited for this service and when there is ongoing quality assurance, and it should not be offered as a screen without biochemical markers in singleton pregnancies. Evaluation of the fetal nasal bone in the first trimester should not be incorporated as a screen unless it is performed by sonographers or sonologists trained and accredited for this service and there is ongoing quality assurance. For women who undertake first trimester screening, second trimester serum AFP screening and/or ultrasound examination is recommended to screen for open neural tube defects (NTD). Timely referral and access is critical for women and should be facilitated to ensure women are able to undergo the type of screening test, they have chosen as first trimester screening. The first steps of integrated screening (with or without NT), contingent, or sequential screening are performed in an early and relatively narrow time window. Ultrasound dating should be performed if menstrual or conception dating is unreliable. For any abnormal serum screen calculated on the basis of menstrual dating, an ultrasound should be done to confirm gestational age. The presence or absence of soft markers or anomalies in the 18 to 20-week ultrasound can be used to modify the a priori risk of aneuploidy established by age or prior screening. Information, such as gestational dating, maternal weight, ethnicity, insulin-dependent diabetes mellitus (IDDM), and use of ART should be provided to the laboratory to improve accuracy of testing. Healthcare providers should be aware of the screening modalities available in their province or territory. A reliable system needs to be in place ensuring timely reporting of results. Screening programs should be implemented with resources that support audited screening and diagnostic laboratory services, ultrasound, genetic counseling services, patient and healthcare provider education, and high-quality diagnostic testing, as well as resources for administration, annual clinical audit and data management. In addition, there must be the flexibility and funding to adjust the program to new technology and protocols. 83, 84 The serum biochemistry and fetal NT screening (BUN) and the first and second trimester evaluation of risks (FASTER) studies, two prospective multicenter trials in the US, validated the accuracy and detection rates of first and second trimester screening previously reported abroad. These studies, coupled with the 2007 release of the American College of Obstetricians and Gynecologists (ACOG) Practice Bulletin that endorsed first trimester screening as an alternative to traditional second trimester multiple marker screening, led to an explosion of screening options available to pregnant women. American College of Obstetricians and Gynecologists also recommended that invasive diagnostic testing for chromosome aneuploidy be made available to all women regardless of maternal age. More recently, another option known as NIPT became available to screen for chromosome aneuploidy. While screening and testing options may be limited due to a variety of factors, healthcare providers need to be aware of the options in their area in order to provide their patients with accurate and reliable information. If not presented clearly, patients may feel overwhelmed at the number of choices available. 85 Also an update of the consensus of the Genetics Committee of the SOGC has been published. These are its conclusions. Significant and measurable amounts of cffDNA are present in the maternal circulation and increase throughout pregnancy. Different fetal (trisomy 21, trisomy 13) and placental abnormalities can affect the levels of cffDNA within the maternal plasma. Diagnostic and screening techniques may be able to utilize this cffDNA in the future to provide noninvasive screening and diagnosis opportunities. This DNA technique is already well established for fetal sexing in pregnancies at risk of an X-linked disorder and fetal RhD evaluation. Other conditions with well-identified unique paternal mutations can also reliably apply this cffDNA technology for prenatal diagnosis. The overall use of this molecular technology is still limited and requires the identification of sex-independent DNA markers so that female fetal DNA can be distinguished from maternal DNA, allowing its use in the screening or diagnosis of fetal and placental disease in pregnancies of either fetal sex. 86 Analysis of cffDNA in maternal plasma provides the opportunity for reliable, timely, safe, and cost-effective diagnosis of single gene disorders. The detection of certain fetal loci using cffDNA and conventional molecular analytic approaches is possible from 4 weeks gestation. To date, noninvasive first-trimester analysis for single gene disorders has been limited by assay sensitivity and speci ficity, due to the background maternal DNA. The anticipated ability to enrich the fetal component of cellfree DNA will increase the robustness of tests and permit semi-quantitative analysis, broadening the scope of testing to include recessive disorders, such as cystic fibrosis (CF).
Testing for large-scale mutations might remain limited by the fragmented nature of cffDNA and, when testing very early in gestation, careful ultrasound examination will be needed to determine the number of gestational sacs, because of the risk of discordant twin pregnancies. 87 Noninvasive prenatal testing using MPS of cffDNA to test for trisomies 21, 18, and 13 should be an option available to women at increased risk in lieu of amniocentesis. Pretest counseling of these women should include a discussion of the limitations of NIPT. No irrevocable obstetrical decision should be made in pregnancies with a positive NIPT result without confirmatory invasive diagnostic testing. Although testing of cffDNA in maternal plasma appears very promising as a screening test for DS and other trisomies, studies in averagerisk pregnancies and a significant reduction in the cost of the technology are needed before this can replace the current maternal screening approach using biochemical serum markers with or without fetal NT ultrasound.
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CONCLUSION
The invasive procedures amniocentesis and CVS are routinely applied in pregnancies at risk for fetal genetic disorders and the results obtained are the gold standard for prenatal diagnosis. These procedures have an approximately 0.5 to 1% risk for fetal loss and are mainly used in cases at risk for fetal chromosomal abnormalities and single-gene disorders. Identification of cell-free fetal nucleic acids (DNA and RNA) in maternal plasma and the recognition that they represent a useful source of fetal genetic material for prenatal diagnosis has led to intensive efforts to develop NIPT. 89 In contrast to the traditional teaching that the placenta forms an impermeable barrier, multiple studies show that both intact fetal cells and cell-free nucleic acids circulate freely in maternal blood. Complications of pregnancy, such as pre-eclampsia, or fetal cytogenetic abnormalities, such as trisomy 21, increase transfusion of both intact fetal cells and cell-free fetal nucleic acids into the maternal circulation. Abnormal fetomaternal trafficking of nucleic acids is associated with fetal and placental pathology, and these observations may lead to novel noninvasive diagnostic and screening tests. Real-time quantitative PCR amplification of DYS1, a Y-chromosome specific gene, is used as a uniquely fetal DNA marker for the development of gestation-specific normal values and theoretical models to measure the levels of male fetal DNA in case-control sets of serum or plasma taken from pregnant women. Women carrying fetuses with trisomies 21 or 13 (but not 18) have increased levels of fetal DNA in their fresh or archived serum and/or plasma samples. Women destined to develop pre-eclampsia have a characteristic biphasic elevation of cffDNA that precedes clinical symptoms. Data obtained from a variety of clinical scenarios suggest that the placenta is the predominant source of the circulating fetal nucleic acids, although apoptotic hematopoietic cells may contribute to the pool as well. Cell-free fetal DNA is elevated in a number of conditions associated with placental pathology. Widespread clinical implementation of fetal DNA as a screening tool awaits discovery of a reliable gender-independent marker, which may be DNA polymorphisms, epigenetic markers, or mRNA. Cell-free fetal nucleic acids have potential for nonin vasive monitoring of placental pathology. 90 Fetal DNA is present at an approximate mean fractional concentration of 10% in the plasma of pregnant women. The detection of paternally-inherited DNA sequences that are absent in the maternal genome, e.g. Y chromosomal sequences for fetal sexing and the RhD gene for blood group genotyping, is well established. The recent emergence of single molecule counting technologies, such as digital PCR and MPS has allowed circulating fetal DNA to be used for the NIPT of fetal chromosomal aneuploidies and monogenic diseases. 91 Recent technical advances have led to a drastic change in the clinical applicability and potential uses of cffDNA and RNA. Genome-wide methods have been, or can be, successfully applied on total DNA (DNA-seq), methylated DNA immunoprecipitation (with tiling array), microRNA (Megaplex), and total RNA (RNA-seq). Chromosome-or gene-specific assays have been successively applied on placenta RNA (allele ratio) or DNA multiplex ligation-dependent probe amplification (MLPA). The technical advances for noninvasive aneuploidy tests based on cffDNA and placental mRNA in maternal plasma have been enormous. Multimarker assays including genome-wide approaches with the option of qualitative information on variation (polymorphism or mutation) besides quantitative information are the preferred methods of choice. The time for population-based, double blind, large-scale clinical cohort trials has come. 92 Major recent advances in screening and diagnosis of non-chromosomal genetic diseases include the completion of the human genome project (HGP), the use of microarray and related technologies for mass screening and diagnosis of thousands of genetic abnormalities, and NIPT using cffDNA in maternal plasma. The rapid development in molecular biological technologies makes it possible to screen and to diagnose thousands of genetic conditions, mutations and also predispositions to chronic diseases or traits, either prenatally or after birth. Clinical application of NIPT using cffDNA in maternal plasma has become a reality. The arrival of the molecular genetic era also leads to many new ethical, social, and medicolegal problems and dilemmas that obstetricians will have to face in the near future. There is an urgent need for the development of a new model for provision of genetic screening and diagnosis. 93 The launch of the genomics and postgenomics era has greatly expanded our understanding of the genetic basis of many diseases. In conjunction with the sociocultural trend to delay childbirth and to maintain smaller family units, extra demand may be placed on the existing prenatal diagnostic services. The inherent risk of fetal loss associated with current prenatal diagnostic procedures, such as amniocentesis and CVS, has spurred research into NIPD. Much research has been conducted on the exploitation of fetal genetic material present in the maternal circulation.
The initial focus was on the isolation of intact fetal cells and subsequently, the existence of extracellular fetal DNA in maternal plasma was realized. Exciting developments have been achieved in recent years. A large-scale trial to evaluate the clinical utility of fetal cell isolation from maternal blood for fetal aneuploidy diagnosis was launched and data were recently published. Much has taken place in the research of fetal DNA analysis in maternal plasma and in one example, namely prenatal RhD determination, this type of analysis has been used in the clinical setting. 94 Although some have wondered whether the sequencing of the human genome has led to major advances in medicine, in fact there are multiple examples where genomics has been integrated into medical practice. In the area of prevention, genomic approaches are now used for NIPT with fetal DNA in the maternal circulation, for expanded preconceptional screening for carrier status, for autosomal recessive disorders, and for assessment of risk of common disease. In the area of diagnosis, major advances have been made in cytogenomics and in use of whole exome or whole genome sequencing. In therapeutics, pharmacogenetic testing is now feasible, tumor genome sequencing is being used to guide cancer therapy, and genomic discoveries are enabling development of new targeted therapies. Ultimately, it is possible that genome sequen cing may be done for all individuals on a routine basis, though there remain significant technical, ethical, and medical systems challenges to be overcome. It is likely that integration of genomics into medical practice will occur gradually over a long period of time, but the process is now well-underway.
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